Reticuloendotheliosis virus 60S RNA labeled with 1251, or reticuloendotheliosis virus complementary DNA labeled with 3H, were hybridized to DNAs from infected chicken and pheasant cells. Most of the sequences of the viral RNA were found in the infected cell DNAs. The reticuloendotheliosis viruses, therefore, replicate through a DNA intermediate. The same labeled nucleic acids were hybridized to DNA of uninfected chicken, pheasant, quail, turkey, and duck. About 10% of the sequences of reticuloendotheliosis virus RNA were present in the DNA of uninfected chicken, pheasant, quail, and turkey. None were detected in DNA of duck. The specificity of the hybridization was shown by competition between unlabeled and 121I-labeled viral RNAs and by determination of melting temperatures. In contrast, 125I-labeled RNA of Rous-associated virus-O, an avian leukosis-sarcoma virus, hybridized 55% to DNA of uninfected chicken, 20% to DNA of uninfected pheasant, 15% to DNA of uninfected quail, 10% to DNA of uninfected turkey, and less than 1% to DNA of uninfected duck.
Avian leukosis-sarcoma viruses (ALV), and reticuloendotheliosis viruses (REV) form the two groups of avian ribodeoxyviruses (15) . The virions of both ALV and REV have C-type morphology and contain 60S RNA and a DNA polymerase. ALV and REV differ in the antigenicity of their virion proteins, the nucleotide sequences of their 60S RNA, and in their biological effects on young fowl and on avian fibroblasts in cultures. In addition, there are some serological relationships between purified DNA polymerases from ALV and REV virions (8) .
ALV replicate through a DNA intermediate, the DNA provirus, and in chicken DNA there are endogenous nucleic acid sequences homologous to much of the genome of a nontransforming ALV (15) . In this paper, we report experiments using nucleic acid hybridization to determine if REV replicate through a DNA intermediate and to compare the distribution in DNA of several different fowl of endogenous nucleic acid sequences related to ALV and REV RNAs.
MATERIALS AND METHODS
Celis and viruses. The sources of cells and viruses and a general description of methods for growing cells and propagating viruses have been published (6, 7, 16) . Virus production was monitored by measurement of sedimentable exogenous DNA polymerase activity in the cell-free culture media from infected cells (16) . 1 Present address: Department of Microbiology, University of Texas, Southwestern Medical School, Dallas, Tex. 75235. Trager duck spleen necrosis virus (TDSNV), reticuloendotheliosis virus (strain T) (REV-T), duck infectious anemia virus (DIAV), chick syncytial virus (CSV), and Rous-associated virus-61 (RAV-61) were propagated in C/E, avian leukosis virus (ALV)-negative, chick helper factor-negative, ALV group-specific antigen-negative chicken cells. TDSNV was also grown in pheasant cells.
Rous-associated virus-O (RAV-O) was harvested from line 100 chicken cells in culture (18) . (The cells were a kind gift of H. Hanafusa.)
Culture fluids were harvested every 24 h from virus-producing cells and were stored at -10 C. Virus was concentrated and purified as described previously (1, 3) .
Cultured chicken REV cells were prepared as follows: REV-T was injected intra-abdominally into a 1-day-old chick. Fourteen days after infection, the moribund chicken was sacrificed, and the spleen was removed. The spleen of the REV-T-infected chicken was enlarged with splenitis and follicular hyperplasia. The spleen cells were cultured in vitro using standard techniques. The cultured spleen cells clumped together, did not form a monolayer like spleen cells from uninfected birds, and grew rapidly in suspension.
Preparation of nucleic acid. RNAs from cells and purified viruses were prepared with the technique previously described (6, 14) . DNAs from chicken and pheasant cells in culture, chicken embryos, and livers of an adult pheasant (obtained from the Poynette Game Farm of the Department of Natural Resources, Wis.), an adult turkey (obtained from Kohl's Turkey Farm, Columbus, Wis.), an adult Pekin duck, an adult Muscovy duck (both obtained from W. Thrun, Madison, Wis.), and an adult Japanese quail (ob-tained from Department of Poultry Science, University of Wisconsin, Madison) were prepared as follows: cultured cells, embryos, or the livers of adult birds were washed three times in phosphate-buffered saline (pH 7.2), resuspended in reticulocyte standard buffer [0.01 M NaCl, 0.0015 M MgCl2, and 0.01 M Tris-hydrochloride (pH 7.5)], chopped with scissors into small pieces, and homogenized in a tight-fitting glass Dounce homogenizer. The homogenates were centrifuged at 8,000 rpm (7,700 x g) for 10 min in a Sorvall SS34 rotor, and the nuclei and membrane pellets were resuspended in 10 volumes of 0.01 M. Tris-hydrochloride (pH 7.5) containing 0.075 M NaCl and 0.01 M EDTA. Sodium dodecyl sulfate (SDS) (0.5%) and 500 gg of predigested Pronase (Calbiochem) per ml were added, and the mixtures were incubated for 1 h at 37 C with occasional mixing. The DNAs were then extracted once with an equal volume of double distilled phenol saturated with 0.01 M Tris-hydrochloride (pH 7.5) and twice with equal volumes of chloroform-isoamyl alcohol (100:1). The phenol and the chloroform-isoamyl alcohol phases were reextracted with 0.01 M Tris-hydrochloride buffer containing 0.075 M NaCI and 0.01 M EDTA, and the buffers were added to the first aqueous phase. The DNAs in the aqueous phase were precipitated with 3 volumes of 100% ethanol. The precipitated DNAs were spooled out on a pipet and washed twice in 100% ethanol. Approximately 90% of the radioactively labeled DNA from chicken fibroblasts was recovered by this method.
Preparation of DNA for hybridization. The precipitated DNAs were dried by blowing nitrogen gas on them and were resuspended to a final concentration of approximately 5 mg/ml in 0.01 M Tris-hydrochloride (pH 7.5) containing 0.075 M NaCl and 0.01 M EDTA, and then were sonicated in an ice bath at 50 W setting for 90 s by a Sonifier cell disrupter model W185D with microneedle. The DNAs after sonication were approximately 7S as determined by sucrose velocity gradient centrifugation. The sonicated DNAs were treated with NaOH at a final concentration of 0.5 N in a 37 C water bath for 1 h. The alkali-treated DNAs were neutralized with HCI to pH 7.5, extracted twice with chloroform-isoamyl alcohol, and precipitated with 3 volumes of 100% ethanol at -20 C. The precipitated DNAs were collected by centrifugation at 10,000 rpm (12,000 x g) for 10 min in a Sorvall SS34 rotor, and the DNA pellets were resuspended in 0.1 M Tris-hydrochloride (pH 7.5). The concentration of DNA was measured by optical density at 260 nm. One optical density unit at 260 nm was taken as 50 M&g of DNA. The ratio of absorbance at 260 nm and that at 280 nm was approximately 1.85 for all DNA preparations. The recovery of DNA was approximately 90%. The final concentration of DNA was made approximately 20 mg/ml in 0.1 M Tris-hydrochloride (pH 7.5).
Preparation of viral 60S RNA for iodination. 3) containing 0.1 M NaCl, 25% glycerol, approximately 50 pg of purified TDSNV RNA, and about 25 gg of purified RSV-RAV-O DNA polymerase were added to 1 ml of the reaction mixture, and the 1.25 ml of complete reaction mixture was incubated at 39 C for 3 h. At the end of the DNA polymerase reaction, 0.5% of SDS and 250 pg per ml of predigested Pronase were added to the reaction mixture which was incubated at 37 C for 30 min. Two hundred fifty micrograms of heat-denatured calf thymus DNA (Calbiochem) were then added as carrier, and the DNA product was extracted and purified as described previously (6) . Approximately 2 x 10' dpm of TDSNV-DNA product was synthesized from the reaction described above. The specific activity of the TDSNV DNA product was calculated to be approximately 150 dpm/pg. The size of the TDSNV DNA product was approximately 5 to 7S as determined by sucrose gradient centrifugation using M13 phage DNA, and chicken 4S and ribosomal RNAs as markers. The TDSNV DNA product consisted of approximately 8% double-stranded DNA as determined by S1 nuclease digestion (6) .
The radioactive aeoxyribonucleoside triphosphates were purchased from Schwarz/Mann.
Preparation of ['Hllabeled cellular DNA. Five cultures of chicken, pheasant, and Muscovy duck embryo fibroblasts were grown for 3 days in 100-mm petri dishes in 12 ml of modified Eagle minimum essential medium with 20% tryptose phosphate broth containing, respectively, 5% calf serum and 2% fetal bovine serum, 4% fetal bovine serum, and 5% calf serum in the presence of 50 pCi of ["H JTdR (17 Ci/mmol) (Schwarz/Mann) per dish. Cells were harvested by scraping with a rubber policeman. The cells were washed with phosphate-buffered saline (pH 7.2), and the 'H-labeled DNAs were extracted with the techniques described above. The 'H-labeled DNAs were sonicated and alkali-treated before annealing with cold DNA from cells. The specific activities of the 'H-labeled DNAs were 3,100 counts/min per pg, 2,400 counts/min per pg, and 5,500 counts/min per pg, respectively, for chicken, pheasant, and duck DNA. containing 0.4 M NaCl at 37 C for 45 min with 100 pg of heat-treated RNase A per ml and 50 IU of heattreated RNase Ti per ml. The amount of trichloroacetic acid-precipitable 125I counts was determined. The conditions for S1 nuclease digestion using excess single-stranded specific S1 nuclease have been described (6 Cot values of greater than 5 x 104 mol/iter x a. The melting temperatures were then determined by incubating samples at the designated temperatures for 20 min, followed by RNase digestion in 0.4 M NaCl or S1 nuclease digestion as previously described (6) .
RESULTS
Extent of copying of TDSNV RNA into DNA. The approximately 20-fold increase in the specific activity of 12II-labeled viral RNA over 32P-labeled RNA allowed us to study the complexity of the TDSNV 'H-labeled DNA product (6) . Approximately 50 ng of TDSNV VOL. 14, 1974 'H-labeled DNA 'H-labeled TDSNV DNA product was annealed to DNAs extracted from TDSNVinfected chicken and pheasant fibroblasts and to DNA extracted from reticuloendotheliosis cells originally isolated from the spleen of a REV-T-infected chicken (Fig. 2) . The TDSNVinfected, virus-producing chicken and pheasant cells, and the REV-T-infected chicken spleen cells contained virus-specific DNA sequences. Although the 3H-labeled TDSNV DNA product represented over 75% of the TDSNV genome, we do not know the molar ratio of the DNA products or the minimal DNA-RNA ratio required to protect 100% of virus RNA. Therefore, to determine the fraction of vwus nucleic acid sequences present in these cells we used 12II-labeled 60S RNA from TDSNV, which represents the entire viral genome, for hybridization. Figure 3 shows that over 70% of TDSNV 1251-labeled RNA hybridized to DNA extracted from TDSNV-infected chicken fibroblasts. The failure to achieve 100% hybridization resulted from the more rapid rate of DNA-DNA reassociation than RNA-DNA hybridization (see ref. 12 , and compare Fig. 2 and 3) . The uninfected chicken cells contained about 10% of the TDSNV-specific nucleic acid sequences.
We conclude from these data that the REV replicate through a DNA provirus intermediate like the avian leukosis-sarcoma viruses.
Endogenous virus-specific sequences in different avian species. The results of the experiments described in Fig. 2 and 3 indicated that uninfected avian cells contained a small portion of TDSNV-specific DNA sequences.
Before studying further the distribution of endogenous virus nucleic acid sequences, we determined the extent of cross-hybridization between DNAs of several species of fowl. We prepared 3H-labeled DNA of chicken, pheasant, To look for endogenous nucleic acid sequences related to ALV and REV in normal avian cells, nucleic acid hybridization experiments were performed using virus 12"I-labeled RNAs and normal cell DNAs. Table 1 shows the amount of endogenous ALV nucleic acid sequences in five different avian DNAs. We hybridized RAV-O 125I-labeled RNA with DNAs of chicken, pheasant, quail, turkey, and Pekin duck. We found approximately 55% of the RAV-O [125I]RNA hybridized with DNA extracted from normal'ALV groupspecific antigen-negative chicken cells, whereas about 20% of the RAV-O sequences were present in normal pheasant DNA, 15% in normal quail DNA, 10% in normal turkey DNA, and none were detected in Pekin duck DNA. There was a good correlation between the amount of endogenous RAV-O nucleic acid sequences in avian cell DNA and the closeness of relationship of the avian DNA to chicken DNA (Fig. 4) .
TDSNV '25I-labeled RNA was hybridized (Table 2) . Accordingly, we conclude that uninfected chicken and turkey, and presumably pheasant and quail, cells contain a fraction of REV-specific endogenous DNA sequences.
The fidelity of the hybridization of the TDSNV[3HDNA product to the DNAs from Relationships between REV RNAs as studied by competition hybridization. The extent of nucleic acid sequence homology between the four members of the REV group was studied by competition hybridization (Fig. 6) with DNAs from TDSNV-infected chicken cells and about 10% with DNAs from both the uninfected chicken and turkey cells (Fig. 3) . The labeled doublestranded DNA and hybrids were obtained as de- fected chicken and turkey cells transcribed some of the REV-related DNA sequences into RNA. We noted that cells grown in tissue culture apparently contained less TDSNVspecific RNA than cells from adult liver or total embryos.
The amount of TDSNV-specific RNA in TDSNV-infected chicken cells (Fig. 7) was similar to that of ALV-specific RNA (Fig. 1), aThe conditions for hybridization were the same as in Fig. 7 . Eight milligrams of uninfected cell RNAs per ml were hybridized in 1 Fig. 2 and 3 ; Table 1 ). Hybridization to infected cell DNA. TDSNV-infected chicken and pheasant cells contained DNA sequences homologous to those in TDSNV RNA. These DNA sequences represented at least 75% of the viral RNA sequences (Fig. 3) The number of copies of DNA per cell was estimated at about 5 to 10. This number is similar to that reported by others for RSV (10) .
Hybridization to uninfected cell DNA. DNAs from uninfected avian cells hybridized to each other as expected from the classification of fowl. RAV-O RNA hybridized to different uninfected cell DNAs to different extents depending on the closeness of their relationship to chickens. Similar results were reported by Neiman (10, 11) , and Varmus et al. (17) found no sequences in duck DNA related to a partial DNA copy of RSV RNA. This distribution of endogenous RAV-O nucleic acid sequences is consistent with the protovirus hypothesis (H. M. Temin, Annu. Rev. Genet., in press; H. M. Temin, Harvey Lect., in press).
No REV nucleic acid sequences were found in duck DNA, but 10% were found in all the DNAs from gallinaceous birds. These sequences ap- (14) 
